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Objectives. This study determined
the prevalence of food insecurity and
hunger in low-income legal immigrants.

Methods.We conducted a cross-sec-
tional survey of Latino andAsian legal im-
migrants attending urban clinics and com-
munity centers in California, Texas, and
Illinois with a food security questionnaire.

Results. Among 630 respondents,
40% of the households were food inse-
cure without hunger and 41% were food
insecure with hunger. Independent pre-
dictors of hunger were income below
federal poverty level (odds ratio [OR]=
2.72, 95% confidence interval [CI] =
1.72, 4.30), receipt of food stamps (OR=
2.53, 95% CI=1.57, 4.09), Latino eth-
nicity (OR=2.39, 95% CI=1.49, 3.82),
and poor English (OR=1.76, 95% CI=
1.10, 2.82).

Conclusions. The prevalence of
hunger among low-income legal immi-
grants is unacceptably high. Access to
food assistance programs is important
for the health and well-being of this pop-
ulation. (Am J Public Health. 2000;90:
1629–1633)
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Despite the apparent strength of the US
economy, several recent studies have docu-
mented relatively high rates of poverty, food
insecurity, and hunger in some segments of the
American population. According to Census
Bureau data, 36.6 million Americans lived in
poverty in 1997, and 14.6 million lived in
households with incomes below half of the fed-
eral poverty level.1 The 1995 US Department
of Agriculture’s (USDA) Food Security Mea-
surement Study reported that among families
with incomes below 50% of the federal poverty
level, 41% were food insecure, including 16%
with evidence of hunger.2 Nelson et al.3 found
high rates of food insecurity among a sample
of adult patients at an urban county hospital,
with nearly one fourth reporting hunger. We
also found a high prevalence of food insecurity
and hunger among families attending the pe-
diatric primary care clinic at our institution.4

Given their heightened socioeconomic
vulnerability,5–7 low-income legal immigrants
may be at significant risk for hunger. The well-
being of this population may be further com-
promised by the Personal Responsibility and
Work Opportunity Reconciliation Act of 1996,
commonly known as welfare reform, which
denied food stamps, Medicaid, Temporary As-
sistance to Needy Families, and Supplemen-
tal Security Income to most legal immigrants,
solely on the basis of their immigration status
and date of entry into the United States. These
restrictions for legal immigrants were expected
to account for $23 billion—almost half of the
federal savings that welfare reform was ex-
pected to generate8—even though noncitizens
constituted only 12% of the population with
incomes below poverty.9 The purpose of this
study, sponsored by Physicians for Human
Rights (Boston, Mass), was to determine the
prevalence of food insecurity and hunger and
sociodemographic characteristics associated
with hunger in a sample of low-income legal
immigrants in the United States.

Methods

Site Selection and Participants

Structured interviews were administered
during the last 2 weeks of March 1998 to a
convenience sample of Latino, Vietnamese,
and Cambodian self-identified legal immi-
grants attending primary care clinics or com-
munity multiservice centers or living in im-

migrant communities in Los Angeles and Sali-
nas, Calif; Houston, Tex; and Chicago, Ill.
These states were chosen because of their large
legal immigrant populations and geographic
diversity. Refugees, asylees, and undocumented
immigrants were excluded.

Questionnaires were translated into Span-
ish and Vietnamese by certified translators,
and interviews were conducted in the subjects’
native language by clinic and service agency
personnel. Each site obtained institutional re-
view board approval through its individual
institution.

Survey Instrument

The questionnaire included the entire 18-
item USDA Food Security Scale2 (Table 1). A
federal working group consisting of the USDA
Food and Nutrition Service, the National Cen-
ter for Health Statistics, the Centers for Dis-
ease Control and Prevention, and experts in
academia and the private sector created this
scale. Food insecurity is defined as the “limited
or uncertain availability of nutritionally ade-
quate or safe foods or the uncertain ability to
acquire acceptable foods in socially acceptable
ways.” Hunger is defined as the “uneasy or
painful sensation caused by a lack of food, a re-
current and involuntary lack of access to food,
which may produce malnutrition over time.
Hunger is a potential, although not necessary,
consequence of food insecurity.”

This scale aims to measure only hunger
resulting from the inability to afford enough
food. It does not measure hunger that results
from being too busy to eat, from voluntary fast-
ing, from illness, or from any other cause. The
instrument captures hunger on a household,
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TABLE 1—Food Security Status Categories and Associated Questions From USDA Food Security Scale

Score From 18-Question
Food Security Status With Definition Types of Questions Answered Affirmatively USDA Food Security Scale

Food securea None 0–2 affirmative responses
Worried food would run out
Food bought did not last

Food insecure without hungerb Adult not eating balanced meals 3–7 affirmative responses
Child fed few low-cost foods
Adult cut size or skipped meals
Could not feed child balanced meals
Adult eating less than felt he or she should

Food insecure with moderate hungerc Adult cut size or skipped meals in 3 or more months in past 12 months 8–12 affirmative responses
Child not eating enough
Adult hungry but did not eat
Respondent lost weight
Cut size of child’s meals

Food insecure with severe hungerd Adult did not eat for whole day 13–18 affirmative responses
Child hungry
Adult did not eat for whole day in 3 or more months in past 12 months
Child skipped meal
Child skipped meal in 3 or more months in past 12 months
Child did not eat for whole day

Note. USDA=US Department of Agriculture.
Source. Adapted from Hamilton et al.2
aLittle or no evidence of food insecurity.
bHousehold has concerns about and makes adjustments to its food management, including a reduced quality of diets, but little or no reduction

in the household members’ food intake is reported.
cAdults’ food intake has been reduced to an extent that it implies that the adults have repeatedly experienced the physical sensation of hunger.
dChildren’s food intake has been reduced to an extent that it implies that the children have repeatedly experienced the physical sensation of

hunger; in the case of households without children, it implies that the adults have made even more severe cuts in their diets.

rather than an individual, level. The USDA
scale classifies households into 1 of 4 food se-
curity status categories, as illustrated in Table 1.
The reproducibility and validity of this ques-
tionnaire have been described elsewhere.10,11

Data Analysis

Chi-square and logistic regression analyses
were used to examine the association between
hunger and selected sociodemographic vari-
ables. Stepwise logistic regression was per-
formed with hunger as the dependent variable
and the following independent variables: eth-
nicity, income, English-speaking ability, years
in the United States, households with children,
receipt of food stamps, receipt of Medicaid, and
receipt of Special Supplemental Nutrition Pro-
gram for Women, Infants, and Children benefits.

Results

Of the total 1050 individuals approached,
672 (64%) were eligible and agreed to partic-
ipate. Based on the USDA “Guide to Imple-
menting the Core Food Security Module,”12

630 questionnaires (94%) met the criteria for
scoring. Sociodemographics of the resulting
sample are shown in Table 2.

Only 20% of the households were clas-
sified as food secure; 40% were food inse-

cure without hunger, and 41% were food in-
secure with hunger (27% moderate hunger
and 14% severe hunger) (Figure 1). Thirty-
three percent of the respondents reported
that they or other adults in the household
skipped meals; 10% said that they or other
adults in the household did not eat for a
whole day at least once during the past
6 months; and 25% reported that they cut
the size of their children’s meals. Sixteen
percent reported that their children were hun-
gry, 12% reported that their children had to
skip meals, and 8% reported that their chil-
dren had not eaten for a whole day because
of insufficient money for food.

The dichotomous variable “no hunger/
hunger” was defined by combining the 2 cat-
egories of food insecurity with hunger (mod-
erate or severe) into 1 category. Households
were more likely to be hungry if their income
was less than the federal poverty level, if re-
spondents had poor English-speaking ability, or
if children lived in the household (Table 3).

Of the families with children, receipt of
public assistance (i.e., federal and state food
stamps, Medicaid, Supplemental Security In-
come, Temporary Assistance to Needy Fami-
lies, and Special Supplemental Nutrition Pro-
gram for Women, Infants, and Children) by
respondents, their spouses, and children was
very low (Table 2). Overall, 40% of the fami-
lies were not participating in any public assis-

tance programs, and 67% of the families were
receiving 2 or fewer benefits.

Examination of the relation between par-
ticipation in public assistance programs and
hunger showed that families were more likely to
be hungry if they had at least 1 member who re-
ceived food stamps, Medicaid, at least 1 public
benefit of any kind, or Special Supplemental Nu-
trition Program for Women, Infants, and Chil-
dren assistance in eligible households (Table 3).

Logistic regression analysis confirmed
the independent contribution of income
below the federal poverty level (odds ratio
[OR]=2.72; 95% confidence interval [CI]=
1.72, 4.30), receipt of food stamps (OR=2.53;
95% CI=1.57, 4.09), Latino ethnicity (OR=
2.39; 95% CI=1.49, 3.82), and poor English
(OR=1.76; 95% CI=1.10, 2.82) to hunger
(Table 3).

Discussion

Hunger was very prevalent among the
legal immigrants we surveyed, and the rate of
hunger, at 41%, was more than double the rate
found recently in the general population of low-
income families.2 However, despite the appar-
ent lack of money to buy food, respondents re-
ported relatively low participation in public
assistance programs, even though most were
eligible on the basis of their time of entry into
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TABLE 2—Demographics of Study Samplea: Los Angeles and Salinas, Calif;
Houston, Tex; and Chicago, Ill, 1998

Respondents, No. (%)

Ethnicity
Latino 337 (53)
Asian 293 (47)

Country of origin (n=620)
Mexico 283 (46)
Vietnam 225 (36)
Cambodia 68 (11)
Other 54 (9)

Employment (n=598)
Employed 230 (38)
Unemployed 232 (39)
Disabled 127 (21)

Income (n=538)
<50% of federal poverty level 151 (28)
51%–100% of federal poverty level 240 (45)
>100% of federal poverty level 147 (27)

Households with at least 1 child<19 y 377 (60)
Households with at least 1 US citizen child<19 y 270 (43)
No. of years in United States (n=618)

≤10 372 (60)
>10 246 (40)

English-speaking ability (n=620)
Excellent/good 139 (22)
Poor/none 481 (78)

Households not receiving public benefits
No food stamp recipients 466 (74)
No Medicaid recipients 384 (61)
No Supplemental Security Income recipients 482 (77)
No Temporary Assistance to Needy Families recipients 586 (93)
No Special Supplemental Nutrition Program for Women, 486 (77) 
Infants, and Children recipients

Health status of respondent (n=602)
Excellent/very good/good 278 (46)
Fair/poor 324 (54)

Reported health status of the children<19 y (n=877)
Excellent/very good/good 687 (78)
Fair/poor 190 (22)

aValues are based on n=630 unless otherwise indicated.

Note. USDA=US Department of Agriculture; FPL=federal poverty level.

FIGURE 1—Comparison of prevalences of food security categories.

the United States and their level of income. To-
gether, these results highlight an apparent gap
between nutritional need and received services
among legal immigrants. This finding repre-
sents a challenge to the development of effec-
tive and humane public policies in the United
States as well as to clinicians who must con-
front the health consequences of such unad-
dressed need in the course of daily practice.

Anunexpectedlyhighnumberofbothadults
andchildreninthisstudyhadtocutthesizeoftheir
meals, skip meals, and not eat for a whole day
becauseof lackofresources.Theseself-reported
measures of hunger are associated with signifi-
cantly lower intakes of energy and micronutri-
ents, includingcalcium,iron,andprotein.13Thus,
mostof thehouseholds inourstudyareprobably
lacking food of sufficient quantity and quality
for optimal growth, function, and health.

The relation has been shown between
hunger and susceptibility to disease4; adverse
medical outcomes for people with chronic ill-
ness3; and abnormal growth patterns,15 anxiety
and aggression,16 poor academic performance,
and need for special educational services17 among
children. Adequate caloric and micronutrient in-
takes are critical to improve the health of mem-
bers of our communities.

This study had several limitations. The
USDA Food Security Scale is based on self-
report. Selection bias is possible, given the sam-
pling technique used. We could not indepen-
dently confirm the immigration status of those
surveyed and those excluded from the study,
so some misclassification may have occurred.
Nevertheless, given the type and number of par-
ticipating facilities, drawnfrom3 states, it seems
likely that these facilities represent a broad sam-
ple of sites from which low-income immigrants
in urban settings are likely to seek services. Fur-
thermore, the striking similarity of our data to
those reported by the California Food Policy
Advocates18 in their study of legal immigrants
in California, which used a different sampling
methodology, argues strongly for their validity.

Prior studies have documented that the re-
ceipt of food stamps is associated with the pur-
chase of a greater quantity and quality of food19

and with higher proportions of low-income
children meeting the recommended daily al-
lowance of selected vitamins and minerals.20

In this study, receipt of food stamps (by at least
1 member of the household) was positively as-
sociated with hunger. This finding was also
demonstrated in the National Health and Nu-
trition Examination Survey III21 and has been
ascribed to the program’s successfully targeting
the most needy individuals and families. Fur-
thermore, 2 recent studies3,18 have reported that
reduction or elimination of food stamps is as-
sociated with increased hunger. The study by
the California Food Policy Advocates showed
this effect among legal immigrants.
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TABLE 3—Relative Risk (From Bivariate Analysis) and Adjusted Odds Ratios (From Multivariate Analysis) of Independent
Predictors of Hunger

Outcomes Prevalence of Hunger, % (No.) Crude Relative Risk (95% CI) Adjusted OR (95% CI)

Income ≤100% of federal poverty level 47 (185/391) 1.31 (1.18, 1.44) 2.72 (1.72, 4.30)
Receipt of food stampsa 52 (86/164) 1.19 (1.07, 1.32) 2.53 (1.57, 4.09)
Latino ethnicity 45 (152/337) 1.25 (1.03, 1.51) 2.39 (1.49, 3.82)
Poor English-speaking ability 43 (208/481) 1.52 (1.10, 2.10) 1.76 (1.10, 2.82)
Households with children 45 (170/377) 1.31 (1.07, 1.61) 1.46 (0.94, 2.27)
Receipt of Medicaida 48 (119/246) 1.23 (1.07, 1.41) NS
Receipt of WICa 52 (56/107) 1.30 (0.96, 1.78) NS
≤10 y in United States 38 (143/372) 1.10 (0.96, 1.25) NS

Note. CI=confidence interval; OR=odds ratio; NS=addition of this variable made no significant improvement in the model; WIC=Special
Supplemental Nutrition Program for Women, Infants, and Children.

aHouseholds with at least 1 member who is participating in the program.

Although our study was not designed to
assess the effect of reduced availability of the
Food Stamp Program on legal immigrants, the
findings underscore the potential importance of
this policy change. Even with the recent partial
restoration of food stamps for some legal im-
migrants (namely, those younger than 18 years
or older than 65 years who arrived before Au-
gust 22, 1996), most legal immigrants in the
United States continue to be excluded. The
high prevalence of hunger found in this study
suggests that all low-income legal immigrants
could benefit from the receipt of food stamps.

The Food Stamp Program is the nation’s
most important nutrition program. It repre-
sents, in the words of the USDA, “the pledge
that hunger will not be tolerated in America. It
is the tangible expression of the principle that
everyone has a right to food for themselves and
their families.”22 These words echo the rights
enumerated in article 25(1) of the Universal
Declaration of Human Rights, which was
adopted by the United Nations 50 years ago,
namely, “the right to a standard of living ade-
quate for himself and his family, including food,
clothing, housing and medical care and nec-
essary social services.”23 Physicians for Human
Rights believes that food security and freedom
from hunger are basic human rights that are
essential for the enjoyment of all other rights.

Conclusions

The prevalence of hunger among low-
income legal immigrants is unacceptably high.
Therefore, clinicians, public health workers,
and immigrant advocacy groups should con-
sider the following steps: (1) screen similar
populations for food insecurity and hunger; (2)
ensure that all eligible immigrants receive food
stamps to help maximize household food avail-
ability; and (3) refer families with emergency
food needs to appropriate community re-
sources. We can also serve our patients’ inter-

ests by informing policymakers about the high
prevalence of hunger and its adverse health
consequences among low-income immigrant
groups in the United States. The fractious po-
litical processes that shape current immigrant
policy must be informed by the daily suffer-
ing evidenced by the findings of this study.

Contributors
J. Kasper was principal investigator and was involved
in all aspects of the study. S.K. Gupta assisted in data
collection and reviewed several drafts of the paper.
P. Tran assisted in data collection. J.T. Cook was in-
strumental in the data analysis and reviewed several
drafts of the paper. A.F. Meyers was involved in all
aspects of the study.

Acknowledgments
This study was conducted with the generous support
of the Ford Foundation.

At the time of this study, Dr. Kasper was a Na-
tional Research Service Award Fellow.

Presented in part at the annual meeting of the
Pediatric Academic Societies, San Francisco, Calif,
May 1–4, 1999.

We are grateful to the many persons who as-
sisted in this study: the participants, without whom
this study would not have been possible; data collec-
tion coordinators Nike Mourikes, MD (Cook County
Hospital, Chicago, Ill), Patrick Dowling, MD (Robert
F. Kennedy Institute, Department of Family Medicine,
Harbor–UCLA Medical Center, Torrance, Calif),
Helen Tran, DO, and Man Nguyen, MD (Vietnamese
Community Center of Orange County, Torrance,
Calif), Socorro Guerra Rios (Sanborn Clinic, Salinas,
Calif), Jean Sickman and Michelle Davila (Good
Neighbor Health Center, Houston, Tex), Martin Ha
Quach (Research and Development Institute, Hous-
ton, Tex), Hai Pham and Rosie Perez (St. Joseph’s Hos-
pital Mobile Clinic, Houston, Tex); Susannah Sirkin
(Physicians for Human Rights, Boston, Mass) and
Paul Wise, MD, Deborah Frank, MD, and Paul Gelt-
man, MD (Boston Medical Center, Boston, Mass) for
their assistance in project design and review of the
manuscript; Lloyd Werk, MD, for his help with sta-
tistical analysis; and Howard Bauchner, MD, for his
tireless support and review of the manuscript.

References
1. Dalaker J, Naifeh M. Poverty in the United States:

1997. Washington, DC: US Bureau of the Cen-
sus; September 1998. Current Population Re-
ports, Series P60-201.

2. Hamilton WL, Cook JT, Thompson WW, et al.
US Department of Agriculture. Household Food
Security in the United States in 1995: Summary
Report of the Food Security Measurement Proj-
ect. Washington, DC: Abt Associates Inc; 1997.

3. Nelson K, Brown ME, Lurie N. Hunger in an
adult patient population. JAMA. 1998;279:
1211–1214.

4. Kasper J, Bourdeaux M, Meyers AF. Food inse-
curity in an inner-city pediatric clinic. Paper pre-
sented at: 4th Annual National Research Service
Award Trainees Research Conference; June 20,
1998; Washington, DC.

5. Thamer M, Richard C, Casebeer AW, Ray NF.
Health insurance coverage among foreign-born
US residents: the impact of race, ethnicity, and
length of residence. Am J Public Health. 1997;
87:96–102.

6. Board on Children and Families, Commission on
Behavioral and Social Sciences and Education,
National Research Council, Institute of Medi-
cine. Immigrant children and their families: is-
sues for research and policy. Future Child. 1995;
5:72–89.

7. Centers for Disease Control and Prevention. De-
mographic characteristics of persons without a
regular source of medical care—selected states,
1995. MMWR Morb Mortal Wkly Rep. 1998;47:
277–279. Cited by: JAMA. 1998;279:1603.

8. Fix ME, Tumlin K. Welfare Reform and the De-
volution of Immigrant Policy. Washington, DC:
Urban Institute; 1997. New Federalism: Issues
and Options for States Series, No. A-15.

9. Yax LK. The Foreign Born Population: March
1997 (Update). Washington, DC: US Bureau of
the Census; March 1998. Current Population Re-
ports, Series P20-507 and PPL-92.

10. Hamilton WL, Cook JT, Thompson WW, et al.
Household Food Security in the United States in
1995: Technical Report of the Food Security Mea-
surement Project. Alexandria, Va: US Dept of
Agriculture Food and Consumer Service, Office
of Analysis and Evaluation; September 1997.

11. Nord M, Jemison K. USDA Economic Research
Service: effects of cultural differences on the



American Journal of Public Health 1633

measurement of food insecurity and hunger.
Paper presented at: Annual Meeting of the Rural
Sociological Society; August 4–8, 1999;
Chicago, Ill.

12. Price C, Hamilton WL, Cook JT. Household Food
Security in the United States: Guide to Imple-
menting the Core Food Security Module. Alexan-
dria, Va: US Dept of Agriculture Food and Con-
sumer Service, Office of Analysis and Evaluation;
September 1997.

13. Rose D, Oliviera V. Validation of a Self-Reported
Measure of Household Food Insufficiency With
Nutrient Intake Data. Washington, DC: US Dept
of Agriculture, Economic Research Service, Food
and Consumer Economics Division; August
1997. Technical Bulletin 1863.

14. Wehler CA, Scott RI, Anderson JJ, Summer L,
Parker L. Community Childhood Hunger Identi-
fication Project: A Survey of Childhood Hunger

in the United States. Washington, DC: Food Re-
search and Action Center; July 1995.

15. Cutts DB, Geppert JS. Hunger in children: a
three-year follow-up. Presented at: Annual Meet-
ing of the Pediatric Academic Societies; May 1–5,
1998; New Orleans, La. Abstract 43.

16. Kleinman RE, Murphy JM, Little M, et al. Hunger
in children in the United States: potential behavioral
and emotional correlates. Pediatrics. 1998;101:1–6.

17. Murphy JM, Wehler CA, Pagano ME, Little M,
Kleinman RE, Jellinek MS. Relationship between
hunger and psychosocial functioning in low-in-
come American children. J Am Acad Child Ado-
lesc Psychiatry. 1998;37:163–170.

18. Tujague JL, True L. Impact of Legal Immigrants’
Food Stamp Cuts in Los Angeles and San Fran-
cisco. Sacramento: California Food Policy Ad-
vocates; May 1998.

19. Fraker TM. The Effects of the Food Stamp Pro-
gram on Food Consumption: A Review of the Lit-

erature. Washington, DC: Mathematica Policy
Research Inc; 1990.

20. Cook JT, Martin KS. Differences in Nutrient Ad-
equacy Among Poor and Non-Poor Children.
Medford, Mass: Tufts University School of Nu-
trition Science and Policy; May 1995. Center on
Hunger, Poverty, and Nutrition Policy Working
Paper Series, No. NI-050195.

21. Alaimo K, Briefel RR, Frongillo EA, Olson CM.
Food insufficiency exists in the United States:
results from the Third National Health and Nu-
trition Examination Survey. Am J Public Health.
1998;88:419–426.

22. US Department of Agriculture Web site. Avail-
able at http://www.usda.gov/. Cited by: Cook JT.
The Food Stamp Program and low-income legal
immigrants. Nutr Rev. 1998;56(7):219.

23. Universal Declaration of Human Rights, adopted
and proclaimed by United Nations General Assem-
bly Resolution 217A(III) on December 10, 1948.

Endemic Goiter Associated With High
Iodine Intake
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A B S T R A C T

Objectives. This study assessed the
relation of iodine content of household
water to thyroid size and urinary iodine
excretion in an area with high iodine con-
centration in the water.

Methods. The iodine content of
household water and indicators of iodine
status (thyroid size and urinary iodine
level) were assessed in selected villages
in Jiangsu Province, China.

Results. Water iodine levels were
positively correlated with urinary iodine
levels and indicators of thyroid size at
the township level.

Conclusions. Excess iodine in
household water was the likely cause of
endemic goiter and elevated urinary io-
dine levels in the study area. This find-
ing affects public health policy on the in-
stitution of universal salt iodization for
the elimination of iodine deficiency dis-
orders. (Am J Public Health. 2000;90:
1633–1635)
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Iodine deficiency is a global public health
problem for which the primary intervention is
universal salt iodization.1,2 Endemic goiter has
been defined as a prevalence of 5% or greater
in schoolchildren.1 The primary causes of en-
demic goiter include iodine deficiency and io-
dine excess, the latter associated with high lev-
els of iodine in water, food, medications,
disinfectants, and contrast media.3,4

Iodine deficiency disorders are a signifi-
cant public health problem in Jiangsu Province,
China.5,6 Iodized salt is being delivered
throughout the province, except in 3 counties
where the cause of goiter was not clear. These
3 counties (Feng, Pei, and Tongshan) have a
population of 2.4 million and are located in a
4000-km2 floodplain formed by the Yellow
River. Household water is primarily from shal-
low wells with depths of 7 to 12 m and occa-
sionally deep wells at depths of more than
60 m. Few centralized water supply systems
exist, surface water is scarce, and rainfall
amounts are low. The goiter prevalence in
schoolchildren in the 1980s was 25%, sug-
gesting iodine deficiency, whereas urinary io-
dine concentrations in adults indicated iodine
excess. The primary objective of the present
study was to determine the extent of iodine ex-
cess, population involved, source(s) of iodine,
and how these relate to thyroid size and uri-
nary iodine levels.

Methods 

The present study was divided into 2
phases. In phase 1, the iodine concentration
in drinking water was measured in all
65 townships of the 3 affected counties.
Townships were divided into 5 strata, and 1
easily accessible village was selected in each
stratum in which water from at least 3 shal-
low wells (<60 m) and all deep wells (≥60 m)
was sampled. In phase 2, townships were di-
vided into 5 groups based on median water
iodine concentrations: <300, 300 to 499, 500
to 699, 700 to 899, and ≥900 µg/L. In each
group, 2 to 3 townships studied during
phase 1 were randomly selected, for a total
of 12 townships.

In each of these 12 townships, palpation
of the thyroid was performed in pupils (aged
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